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(54) Semiconductor memory device 

(57) A semiconductor device is constituted by a 
booster circuit, memory cell arrays (MCA1, MCA2). a 
sense amplifier circuit (S/A), transmission gate circuits 
(Q4, Q5; Q9. Q10), equalizing circuits (Q1, Q2, Q3;Q6, 
Q7, Q8) and a control circuit applying a boosted potential 
respectively to the gates of MOS transistors of the trans- 



mission gate circuits and the equalizing circuits when no 
memory cells of the memory cell arrays are selected 
whereby the capacitance of de-coupling capacitors con- 
nected to output terminals of the booster circuit can be 
reduced thereby contributing to reduction in chip area. 
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Fig. 1 is a circuit diagram of the semiconductor mem- 
ory of the present invention showing essential parts, 
and an operation diagram thereof; 
Fig. 2 is a circuit diagram of the semiconductor mem- 
ory, showing more details of the essential part in Fig- 
ure 1 and the control circuit thereof; 
Fig. 3. is an entire circuit configuration diagram of 
the embodiment of the present invention; 
Fig. 4 is a plane view of the semiconductor memory 
device of the embodiments of the present invention, 
showing details of the essential parts of Fig.3; 
Fig. 5 is a structural diagram of a booster circuit of 
a semiconductor memory device of the embodi- 
ments ; 

Fig. 6 is a view showing operational characteristic of 
the booster circuit of Fig. 5; 
Fig. 7 is a circuit diagram showing in details the 
booster circuit of Fig. 5; 

Fig. 8 is a circuit diagram showing in details the 
booster circuit of Fig. 5 ; 

Fig. 9 is a circuit diagram showing in details the 
booster circuit of Fig. 5; 

Fig. 10 is an operation diagram of the circuits shown 
in Figs. 7, 8 and 9; 

Fig. 11 is a plane view showing locations of decou- 
pling capacitors; and 

Fig. 12 is a circuit diagram showing in details a word 
line driving circuit and a row decode circuit. 



DETAILED DESCRIPTION OF PREFERRED EMBOD- 
IMENTS 



Embodiments of the present invention will be 
described in detail with reference to the drawings. 

Although the present invention is naturally applica- 
ble to various semiconductor memory devices ( SRAM, 
EPROM, MROM etc.) the explanation will be given of a 
DRAM since the present invention is preferable to a 
DRAM. 

Fig. 1 shows essential parts of the present invention 
which are constituted by a first memory cell array MCA1 , 
a second memory cell array MCA2, a pair of left bit lines 
BLL and /BLL, a pair of right bit lines BLR and /BLR, a 
sense amplifier S/A and the like. Further, the embodi- 
ment includes a left bit line pair equalizing circuit consti- 
tuted by N-channel MOS transistors Q1, Q2 and Q3, a 
left transmission gate constituted by N-channe! MOS 
transistors Q4 and Q5, a right bit line pair equalizing cir- 
cuit constituted by N-channel MOS transistors Q6, Q7 
and Q8 and a right transmission gate circuit constituted 
by N-channel MOS transistors Q9 and Q10. A plurality 
of dynamic type memory cells are arranged in a matrix 
in each of the memory cell arrays MCA1 and MCA2. The 
memory cells belonging to the same column are con- 
nected by the same pair of bit lines and the memory cells 
belonging to the same row are connected by the same 
word line. The left bit line pair equalizing circuit is con- 
trolled by a signal <t> E1 . When $ E1 is at aboosted poten- 
tial Vpp ( for example, 4.3V in comparison with ground 



potential ), VBL (for example, 1 .5V which is about a half 
of potential of VDD that is an inner power source poten- 
tial ) is supplied to the left bit line pair BLL and /BLL and 
the both are shortcircuited. When (j> E1 is at a ground 

5 potential Vss (OV) all the MOS transistors in the circuit 
are made nonconductive. The right bit line pair equaliz- 
ing circuit is controlled by a signal <t> E2. When f E2 is at 
the boosted potential Vpp, VBL is supplied to the right 
bit line pair BLR and /BLR and the both are short- 
to circuited. When $ E2 is at the ground potential Vss, all 
the MOS transistors in the circuit are made nonconduc- 
tive. The left transmission gate circuit is controlled by a 
signal ^ T2. When $ T2 is at the boosted potential Vpp, 
the left bit line pair BLL and/BLL is connected to the 

is sense amplifier S/A . When <j> T2 is at the ground potential 
Vss, the left bit line pair BLL and /BLL and the sense 
amplifier S/A are disconnected from each other. The 
right transmission gate circuit is controlled by a signal <|> 
T1 . When $ T1 is at the boosted potential Vpp. the right 

so bit line pair BLR and /BLR are connected to the sense 
amplifier S/A. When § T1 is at the ground potential Vss, 
the right bit line pair BLR and/BLR and the sense ampli- 
fier S/A are disconnected from each other. 

In the above-constituted DRAM when none of the 

25 memory cells in the first and the second memory cell 
arrays is selected, all of <{> E1. 4 E2, * T1 , t T2 are con- 
nected to Vpp. Since a word line, not shown, is in a non- 
select state, data stored in the memory cells are not 
destructed. At this moment all the MOS transistors Q1 

30 through Q10 in Fig. 1 are connected to Vpp and accord- 
ingly, the transistors provide a parasitic capacitance con- 
nected in parallel to capacitive elements that are to be 
connected to output terminals of a booster circuit, not 
shown, by which the capacitive elements can be made 

35 smaller by the amount of the parasitic capacitance. 

When the memory cells in the first memory cell array 
are selected, as shown in Fig. 1. <J> E1 is changed from 
Vpp to Vss, 4 T2 is maintained as Vpp. <j> T1 is changed 
from Vpp to Vss and $ E2 is maintained as Vpp by which 

40 the sense amplifier S/A and the second memory cell 
array MCA2 are disconnected from each other and the 
equalizing operation of the left equalizing circuit is 
released. 

When the memory cells in the second memory cell 
45 array are selected, in a similar way, (j> E1 is maintained 

as Vpp, <|> T2 is changed from Vpp to Vss. $ T1 is main- 
■ tained as Vpp and 4> T2 is changed from Vpp to Vss by 

which the sense amplifier S/A and the first memory cell 

array MCA1 are disconnected from each other and the 
so equalizing operation of the right equalizing circuit is 

released. 

As stated above by using the transistors of the trans- 
mission gates and the like which have conventionally 
been connected to the ground potential in a nonselect 
55 time as a capacitor of the booster circuit, the area of the 
capacitive elements can be reduced by the amount of 
their parasitic capacitance. 

Next, Fig. 2 shows essential parts of the present 
invention and the details of a control system. The control 
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select line is used for partial activation of the sense 
amplifier circuits and for driving the column gate (Circuits. 
The memory cell block constitutes the 16M bits core 
block CB by dividing it into top and bottom groups 
between which respectively arranged are row decoder 5 
circuits R/D(23) each corresponding to each memo y 
cell array, circuits WDRV for supplying drive signals to 
the row decoder circuits, circuits RFUSE for holding 
replaced data of row redundancy circuits, data line «npb- 
lyTng circuits DQB, a block control circuit BC and the like, to 
P-channel type sense amplifier drive circuits PSAD each 
corresponding to each peripheral circuit within a core 
section are respectively arranged at peripheral portions 
of the core blocks CB. 

The memory cell arrays MCA1 and MCA2 shown in >s 
Fig 1 and Fig. 2 respectively conespond to the memory 
cell arrays Cell in Fig. 4. As is illustrated one > 16M I core 
block CB has 64 of the memory cell arrays Cell (MCA 
and a single chip has 256 of the memory cell arrays CeH 
(MCA) The following description indicates how much 20 
parasitic capacitance is provided by the block structure 
shown in Fig. 3 and Fig. 4 and how much capacity of the 
de-coupling capacitor can be saved as a result. 

First a contribution of the transmission gate circuits 
will be calculated. There are 1024 pairs of bit lines in one 25 
memory cell array ( disregarding redundancy bit Y^l 
Therefore, the number of the transmission gate circuits 
in a single chip is 262H4. Incidently. a single transmis- 
sion gate circuit is constituted by two N-channel transis- 
tors Therefore, the number of the MOS transistors in the so 
transmission gate circuits is 524288. For example 
assuming the gate width of 0.8mm and the gate length 
of 0 56,im in one MOS transistor, the area of the channel 
regionsinoneMOStransistoris0.45nm2. By multiplying 
the area to all the MOS transistors the area amounts to 35 
234880am2. Assuming the gate oxide film thickness 0 
12nm, it corresponds to a parasitic capacitance of 

° '^Secondly, a contribution of the equalizing circuits will 
be calculated. The number of the equalizing circuits in a 40 
single memory cell array is also 2621 44. A single equal- 
izing circuit is constituted by three MOS transistors tha 
is, two MOS transistors each having the gate ^widfr. of 
0.8nm and the gate length of 0.56um and one MOS tran- 
sistor having the gate width of 2.0^ and the gate length <s 
of 0.56um. Accordingly, when the area is multiplied to all 
theMOStransistors. the total areaof the channel regions 
amounts to 528482^. This corresponds to a parasitic 
capacitance of 152nF. 

The parasitic capacitance calculated as above so 
amounts to approximately 2.2nF. Normally several (4 in 
a refresh cycle product having 8K and 8 in a refresh cycle 
product having 4K) memory cell arrays are selected in 
reading. Therefore, substantially all of the memory ceH 
arrayscontributetotheparasiticcapacitance^Further. in ss 

a 64M DRAM, a de-coupling capacitor DC having a 
capacitance of approximately 5nF is necessary to guar- 
antee a stable operation. However, rt is possible to 
approximately halve it to 2.8nF by the circuit structure of 



thepresentinvention which contributesto a considerable 
reduction in the chip area. 

In this way, the memory device is divided into a 
number of memory cell arrays as in a DRAM having a 
large capacity and a ratio of the number 0 the ^memory 
ceH arrays that are simultaneously activated 0 a totel 
thereof is reduced by which the total amount of the par- 
asitic capacitance can be increased which as a resurt 
contributes to the considerable reduction in the chip 

Further, as shown in Fig. 1 1 the de-coupling capac- 
itors DC are scattered all over the tip. 

Next, a detailed explanation will be given of the 
booster circurt VPPQEN in reference to Fig. 5 through 

F ' 9 Fig 5 shows the circuit structure of the booster cir- 
cuit VPPGEN. The booster circuit is constituted by a ref- 
erence potertf a. generating^ ^o^jngoinjjts 
51 52 and 53. ring oscillator circuits 54.55 and 56 driver 
circuits 57.58 and 59. charge pump circuits 60.61 and 
62 voltage dividing circuits 63.64 and 65 and a power 
source voltage step-down transistor Q66. As s4K»wn in 
Fig 5 an outer potential Vcc inputted from the outside 
is stepped down by thepower source volt^e^own 

transistor Q66 whereby VDD is generated and VDD is 
again boosted by the charge pump circuits 60 and 61 
whereby the boosted potential Vpp is generated^ The 

S VPPD that is a potential boosted from VDD^ Further, 
the generation of Vpp is performed by two lands .of sys- 
tems that is, a system exclusive for standby and a sys- 
emexclusivefor operation. In this way thebooster circuit 

Constituted by three booster systems each forming 
the boosting operation independently byafeedbacktype 

^Fig 6 shows behaviors of changes of Vpp, VPPD 
and VDD with respect to Vcc along with those of a cen 
capacitor plate potential VPL a bit line potential VBL and 
Tsubstrate potential VBB. There is a nonvar.at onri 
region of potentials between approximately 3V to 

Fta? Sows the detail of the ring oscillator 54 and 
a portion of the driver circuit 57. In the ring oscillator -54 
a NAND gate 541 and even number stages of inverters 
542 543. 544. 545. 546 and 547 are connected in a ring- 
like'form In the driver circuit inverter circuits 571.572 
575 574 575. 576, 578. 579. 580, 581. 582, 583 and 
584areconne<*edin S eriesre^ 
sively delayed signal outputs /CO. CO. /CI, C1. /C2, C2, 
/C3 C3. /C4. C4. /C5, C5, /C6 and C6. 

" Fiq 8 shows the remaining portion ol the driver cir- 
cuit 57. A signal A1 is formed from the agnals ,V and 
C4 byaNANDgate 585 a«l inverters 586 587and589 a 

A signal B1 is formed from the signals C1 and C6 by a 

CI Vis formed from the signals C3, /C6.C2 and /CO by a 
ANDNOR gate 604 and inverters 605, 606 and 607. A 
signaled 

byanORNANDgateeOS and inverters 609,610,611 and 
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in the first equalizing circuit and the gates of the tran- 
sistors in the second transmission gate circuit and 
applies the boosted potential respectively to the 
gates of the transistors in the second equalizing cir- 
cuit and the gates of the transistors in the first trans- 
mission gate circuit when selecting the memory cells 
in the first memory cell array; and 

wherein the control circuit applies the ground 
potential respectively to the gates of the transistors 
in the second equalizing circuit and the gates of the 
transistors in the first transmission gate circuit and 
applies the boosted potential respectively to the 
gates of the transistors in the first equalizing circuit 
and the gates of the transistors in the second trans- 
mit circuit when selecting the memory cells in the 
second memory cell array. 

3. A semiconductor memory device comprising : 

a booster circuit for generating a boosted 
potential; 

a first memory cell array including first pairs 
of bit lines; 

a second memory cell array including second 
pairs of bit lines; 

a sense amplifier circuit; 

a first transmission gate circuit having pairs 
of transistors for connecting the first pairs of bit lines 
to the sense amplifier circuit; 

a second transmission gate circuit having 
pairs of transistors for connecting the second paris 
of bit lines to the sense amplifier circuit; and 

a control circuit applying the boosted poten- 
tial respectively to gates of the transistors in the first 
and the second transmission gate circuits when 
none of memory cells in the first and the second 
memory cell arrays is selected. 

4. The semiconductor memory device according to 
Claim 3, wherein the control circuit applies a ground 
potential to the gates of the transistors in the second 
transmission gate circuits and applies the boosted 
potential to the gates of the transistors in the first 
transmission gate circuit when selecting the mem- 
ory cells in the first memory cell array; and 

the control circuit applies the ground potential 
to the gates of the transistors in the first transmission 
gate circuit and applies the boosted potential to the 
gates of the transistors in the second transmission 
gate circuit when selecting tee memory cells in the 
second memory cell array. 

5. The semiconductor memory device according to 
Claim 2 or 4, wherein first and second word line driv- 
ing circuits are respectively connected to the first 
and the second memory cell arrays and the first and 
the second word line driving circuits are operated by 
the boosted potential. 



6. The semiconductor memory device according to 
Claim 5, wherein the first and the second word line 
driving circuits are controlled respectively based on 
selection signals of first and second row decode cir- 

5 cuits and thef irstand the second row decode circuits 
are operated by the boosted potential. 

7. The semiconductor memory device according to 
Claim 1 or 6, wherein the control circuit comprises 

10 at least a first level shift circuit for shifting an ampli- 
tude level of a first select signal for selecting the first 
memory cell array to a level of the boosted potential 
and a second level shift circuit for shifting an ampli- 
tude level of a second select signal for selecting the 

15 second memory cell array to the level of the boosted 
potential and the boosted potential is used for a 
power source of the first and the second level shift 
circuits. 

so 8. The semiconductor memory device according to 
Claim 7, wherein the control circuit is further com- 
prising first and second drive circuits respectively 
connected to the first and the second level shift cir- 
cuits, said first and second drive circuits using the 

25 boosted potential as a power source and driving the 
gates of the transistors in the first and the second 
transmission gate circuits to the boosted potential 
when none of the memory cells in the first and the 
second memory cell arrays is selected. 

30 

9. The semiconductor memory device according to 
Claim 1 or 3, wherein capacitive elements are con- 
nected to the output of the booster circuit. 

35 10. The semiconductor memory device according to 
claim 1 or 3, wherein the booster circuit generates 
the boosted potential by stepping down a potential 
inputted from an outside and again boosting the 
potential. 

40 

11. The semiconductor memory device according to 
Claim 7, wherein the control circuit is further com- 
prising first and second drive circuits respectively 
connected to the first and the second level shift cir- 

45 cuits, said first and second drive circuits using the 
boosted potential as a power source and driving the 
gates of transistors in the first and the second trans- 
mission gate circuits and the gates of transistors in 
the first and the second equalizing circuits to the 

50 boosted potential when none of the memory cells in 
the first and the second memory cell arrays is 
selected. 
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Fig.t 
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Fig. 6 



Output characteristic of internal voltage 
generator (normal 85°C) 
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Fig. 10 
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Fig. 12 
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(54) Semiconductor memory device 

(57) A semiconductor device is constituted by a 
booster circuit, memory cell arrays (MCA1, MCA2), a 
sense amplifier circuit (S/A), transmission gate circuits 
(Q4, Q5; Q9, Q10), equalizing circuits (Q1, 02, Q3; Q6, 
Q7, Q8) and a control circuit applying a boosted poten- 
tial respectively to the gates of MOS transistors of the 
transmission gate circuits and the equalizing circuits 
when no memory cells of the memory cell arrays are 
selected whereby the capacitance of de-coupling 
capacitors connected to output terminals of the booster 
circuit can be reduced thereby contributing to reduction 
in chip area. 
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